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Abstract 
In this study we propose a validation method for the Meteosat SEVIRI derived NDVI values in regards to vegetation health from 
ground observations. The percentage of vegetation cover and the chlorophyll content are selected as vegetation health variables and 
their variability within and between SEVIRI pixels are assessed. No significant variability was found within pixels but between 
pixels for each of the variables. These variables are compared first separately with NDVI values, and later combined, with the 
NDVI values composited at different time steps. Results show that the combination of variables shows a similar trend than the 
mean NDVI or max NDVI calculated for the whole period of the study, as the presence of clouds influenced the daily NDVI values. 
We conclude that NDVI values can be used without compromising the variability of chlorophyll content and percentage of 
vegetation cover within those pixels. This funding can be used to understand the variation of NDVI which can be observed during a 
drought period. 
© 2010 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of 1st Conference on Spatial Statistics 2011 - Mapping global 
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Keywords: Remote Sensing; MSG; Rwanda;Bugesera; Drought monitoring; Vegetation 
1. Introduction
Remote Sensing images from the Spinning Enhanced Visible and Infrared Imager (SEVIRI) sensor are increasingly 
being used to monitor vegetation [1] and vegetative drought across large areas [2] [3]. On regional scales, these 
methods are commonly based on relationships between vegetation condition and remote sensing vegetation indices 
(VI's) such as the Normalized Difference Vegetation Index (NDVI). Although they provide high temporal resolutions, 
the coarse spatial resolution of these images can hinder their capacity to capture the variability of vegetation health 
variables within a pixel in heterogeneous regions. 
Vegetation indices (VI's) such as the NDVI have been shown to be positively correlated with a wide range of 
functionally useful variables that all tend to vary together, including chlorophyll content and biomass (Jones and 
Vaughan [4]). Among the three mechanisms that cause variation in NDVI and other VI's, the first mentioned is the 
direct distinction between vegetation and soil so that changes in NDVI, at least at a remote sensing scale, are primarily 
related to the fraction of leaf or vegetation in a pixel. Superimposed on this effect is a second influence that is based on 
the fact that even for full vegetation cover, the calculated NDVI varies with the concentration of the chlorophyll and 
with structural factors that affect spectral reflectance [4].  
We select the percentage of vegetation ground cover and the Chlorophyll content as variables to quantify vegetation 
health.  
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In this study, we propose a validation method of SEVIRI-NDVI in regards to the variability of vegetation health on the 
ground within and between pixel-areas.  
 
We quantify this variability and compare it with NDVI pixel values in order to further understand the implication for 
the use of NDVI values in the context of a vegetative drought monitoring.  
The rest of the paper is organized as follow: in Section 2, we describe our study area, in Section 3 we describe the data 
and methods used. In Section 4 we present and discuss the results, and in Section 5 we conclude with 
recommendations for future work. 
2. Study area 
This study is conducted in the district of Bugesera, located on the southeastern plains of Rwanda's Eastern Province 
(see Figure 1). It has a surface area of 1 337 km2 and its altitude ranges between 1 300 and 1 667 m. The region is 
predominantly vegetated by dry savannas. 
 
  
Figure 1: Bugesera district, Eastern Province of Rwanda. 
 
Prolonged droughts are frequent in Bugesera; they tend to be cyclical and persistent. At times this has led to conflicts 
over different land uses such as with protected areas. In the last decade, the region has experienced severe droughts 
[5]. Vegetation stress was observed on NDVI images at the end of the year 2005 [1], during a drought period. 
3. Data and methods 
3.1 Random transects  
 
Sampling the reference data in this study was carried out using a random transects procedure. Such sampling has been 
developed in soils studies [6] [7] and has not yet been applied in remote sensing studies so far. The procedure works as 
follows: areas corresponding to SEVIRI-NDVI pixel's size are delineated on a vegetation cover map to be used on the 
field and are labeled as grids. The grids are selected on purpose: only grids with a maximum of vegetation and a 
minimum of water bodies or residential areas are selected for this study. Each pixel is then a square grid, consisting of 
two east-west lines l1 and l2 and two north-south lines l3 and l4.  
 
On l1 a random point is located. From this point one sampling transect T1 is determined in the north-south direction 
that extend throughout the grid, until it reaches l2. On l3 one point is located at random. From this point one sampling 
transect T2 is determined in the west-east direction that extend throughout the grid, until it reaches l4. Along each 
transect Ti, i = 1 to 10; sampling sites s are selected at a regular 250 m interval. The reason to determine two transects 
per grid ensures to avoid potential directional influence.  
 
3.2 Field data acquisition 
 
Conventionally, vegetation cover is defined as the vertical projection of the crown or the shoot area of vegetation to 
the ground surface, expressed as fraction or percent of the reference area [8]. In this study we use a cover estimator 
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sheet to estimate the percentage of vegetation cover within a 3 meters diameter circle around the sampling location, to 
account for the GPS 60 CSx positional error. Chlorophyll content is measured using the SPAD chlorophyll meter; 3 
measurements of different leaves are made per plant, and an average is calculated per plant. The field data campaign 
started on 6th of May and ended on 21st of May, between 09:00 hour and 15:00 hour.  
 
3.3 Statistical analysis of sample data 
 
To test the differences of the percentage of vegetation cover mean values for each site s within and between the grids, 
a one-way analysis of variance (ANOVA) is performed. A similar test is performed on the chlorophyll content mean 
values of each site s within and among the grids. The SPSS software package is used to run the tests. 
 
3.4 Calculation of Mean percentage of vegetation cover and Chlorophyll content values  
 
The mean percentage of vegetation cover, written p, for every sampling pixel grid g is calculated as: 
 
p(g) = Ȉ p(v)/n                         (1) 
 
Where p(v) is the percentage of vegetation ground cover of each sampled vegetation v at each sample site s in a grid, 
and  n is the total number of sampled plants in the grid g. 
 
The mean chlorophyll content, written c, for every sampling pixel grid g is calculated as: 
 
c(g) = Ȉ c(v)/n                         (2) 
 
Where c(v) is the chlorophyll content, measured with a SPAD meter, of each sampled plant v at each sample site s in a 
grid, and  n is the total number of sampled plants in the grid g. 
 
3.5 NDVI data acquisition and processing 
 
Using the MSG Data retriever [9], SEVIRI images of the red (VIS 006) and near infrared (VIS 008) bands are used. 
The images cover the area between Lat 3.389 S, 0.851 S and Lon 27.806 E, 31.858 E (WGS 1984) downloaded in 
UTM projection and in Erdas Imagine Image format. Only 15 minutes interval images between 09.00 hour and 15.00 
hour and between May 06th 2010 and May 21st 2010 have been considered. The pixel size is equal to 5857.45 m. For 
each grid g at each 15 minutes interval i within a day, NDVI is calculated as: 
 
NDVIi(g) = (VIS 008 – VIS 006)/ (VIS 008 + VIS 006)                  (3) 
 
To remove the influence of diurnal variations of NDVI, maximum NDVI for each of the day d are calculated for every 
pixel as: 
 
NDVId(g) = max NDVIi(g)                     (4) 
 
When more than a day, m,  is used to measure data on the field, a mean of daily maxima NDVI is calculated for the 
number of days used to measure within a grid as: 
  
NDVIm(g) = mean NDVId(g)                     (5) 
    
3.6 Comparison of field data with NDVI 
 
Two procedures are followed here. The first one involves comparing each field dataset separately with the 
corresponding NDVI values, and the second one involved multiplying the two field datasets into a single vegetation 
health indicator written v, as in Equation (6) and comparing them with the corresponding NDVI values, on a daily 
basis. A trend analysis is performed for both scenarios.  
 
v(g) = (p(g) * v(g))/100                     (6) 
v(g) values vary between 0 and 100 % 
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4. Results and discussion 
Five grids were identified based on the land cover criteria. However, only four were visited, as the fifth one was found 
to be a private area. Due to unfavorable weather and administrative conditions, the field work was conducted on the 
following days: Data on Grid 1 were collected on May 12th and 13th, 2010; Grid 2 on May 11th and 17th, 2010; Grid 3 
on May 06th and 19th, 2010; and Grid 4 on May 20th and 21st, 2010.  Grids 1 to 3 are predominantly agricultural lands, 
while grid 4 is predominantly a shrub land. Grid 1 contains also a considerable amount of Eucalyptus forests, while 
grid 3 contains an irrigated rice field. The variability within and between those grids, and their comparisons with the 
mean NDVI values are presented below. 
 
4.1 Variability of chlorophyll content and percentage of vegetation cover  
 
For both variables and all the 4 grids, a significant variability between the grids, and no significant variability within 
the grids were found. The mean vegetation ground cover values per grids vary with F=5.941 and sig. 001; and the 
mean chlorophyll content values with F = 5.975, sig. = .001. The Duncan tests results reveal that the fourth grid has a 
significant higher percent of vegetation cover mean value than the others, and for the chlorophyll content, a significant 
lower mean value than the others. Given the different land cover type of the fourth grid compared to the other 3 grids, 
this is expected. 
 
4.2 NDVI compositing 
Figure 3 shows the maximum daily NDVI values calculated for each grid from SEVIRI NDVI images. On 11th of May, 
most of the day was cloudy, as can be also seen by the drop of NDVI values.  
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Figure 3: Daily maximum NDVI values for the four grids, plotted from May 6th to 21st,2010. (Daily max NDVI file) 
 
As some days were cloudier than others, the mean NDVI composite calculated per grids is compared with the 
maximum NDVI composite. Assuming a no change of NDVI for the whole period of observation, an overall mean and 
overall maximum values are also calculated for comparison. In Figure 4 the different trends are shown.  It can be 
observed that the mean NDVI values calculated for all the dates have a similar spatial trend than the maximum NDVI 
values calculated for all the dates.  It shows an increase of NDVI values from grid 1 to grid 2, a decrease in grid 3 
followed by an increase in grid 4.  
The mean NDVI values, wheter calculated for the whole period or for the dates of field work per grid, show a decrease 
of NDVI values from grid 1 to grid 3, and an increase in grid 4.  
Given the fact that some days were cloudier than others, the NDVI calculated for the whole period of obervation are 
considered to be compared with the vegetation health variables. 
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Figure 4: NDVI maximum and mean values calculated per grid for the whole period and per dates of field data 
collection in each grid.  
 
4.3 Mean Cholorphyll and Mean percentage of vegetation cover  
 
  
Figure 5: (a) Mean chlorophyll content per grid; (b) Mean percent of vegetation cover per grid.  
 
The range of Mean NDVI values, as seen in Figure 3, shows that the study area is partly vegetated, which is also 
reflected in the values of the Mean percentage of vegetation ground cover ranging between 33 % and 64 % (see Figure 
4). Opposite spatial trends are observed for the Mean chlorophyll content values and the Mean percent of vegetation 
cover values. These values are further used to calculate the vegetation health index as in equation (6). 
 
4.3 Comparison of vegetation health, chlorophyll and percent vegetation cover  
The vegetation health values calculated per grid is plotted with the other variables in Figure 6. It can be seen that the 
vegetation health shows a similar spatial trend than the mean NDVI and max NDVI calculated for all the dates (Figure 
4). This vegetation health can then be used as a variable to validate SEVIRI-NDVI values. 
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Figure 6: Comparison of mean chlorophyll content values, mean % vegetation cover and vegetation health 
5. Conclusion 
The work presented in this study provides some understanding of the variability of NDVI values from MSG-SEVIRI 
for monitoring the dynamics of vegetation in the region of Bugesera. At selected sites, the vegetation health variable 
calculated by multiplying the mean chlorophyll content and the mean percent of vegetation cover shows to behave in a 
similar way as the NDVI composite calculated during the whole period of observation. This can be explained by the 
presence of clouds affecting the daily NDVI values. 
NDVI values do not undermine the variability of vegetation health expressed in chlorophyll content and percentage of 
vegetation cover within those grids. Our results confirm also that in a heterogeneously vegetated area such as in 
Bugesera, both the chlorophyll and percent of vegetation cover are accounted for in NDVI values. More grids and 
further analysis, possibly taking into account characteristics such as the vegetation type and topography, should be 
considered to explain the magnitude of variation of NDVI in SEVIRI pixel. These findings can be used to understand 
the variation of NDVI during a drought period in a context of validation. 
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